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Objectives: Q fever is a zoonotic disease that occurs worldwide; however, little is known about its prevalence in South Korea. We attempted to determine the prevalence of Q fever seroreactivity among Korean slaughterhouse workers and the risk factors for seroreactivity according to the type of work.
Methods: The study was conducted among 1503 workers at a total of 73 slaughterhouses and 62 residual-product disposal plants.
During the study period, sites were visited and surveys were administered to employees involved in slaughterhouse work, and serological tests were performed on blood samples by indirect immunofluorescence assays. Serological samples were grouped by job
classification into those of slaughter workers, residual-product handlers, inspectors and inspection assistants, and grading testers and
testing assistants. Employee risk factors were analyzed according to the type of work.
Results: Out of 1481 study subjects who provided a blood sample, 151 (10.2%) showed reactive antibodies. When these results were
analyzed in accordance with the type of work, the result of slaughter workers (11.3%) was similar to the result of residual-product handlers (11.4%), and the result of inspectors and assistants (5.3%) was similar to the result of grading testers and assistants (5.4%).
Among those who answered in the affirmative to the survey question, “Has there been frequent contact between cattle blood and
your mouth while working?” the proportions were 13.4 and 4.6%, respectively, and this was identified as a risk factor that significantly
varied between job categories among slaughterhouse workers.
Conclusions: This study found a Q fever seroreactivity rate of 10.2% for slaughterhouse workers, who are known to be a high-risk
population. Contact with cattle blood around the mouth while working was the differential risk factor between job categories among
slaughterhouse workers.
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Coxiella burnetii is an obligate intracellular bacterium known
to be the etiologic agent of Q fever, a zoonosis in wild and domestic animals with worldwide prevalence [1,2]. Q fever may
appear either in an acute form as a febrile flu-like illness with
pneumonia, hepatitis and neurologic abnormalities ranging
from headache to meningoencephalitis, or in a chronic form
as endocarditis, hepatitis, or chronic fatigue syndrome [3,4].
Human infection can result from inhalation of contaminated
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aerosols or ingestion of nonpasteurized milk from infected animals, such as cattle, goats, and sheep [5,6]. Person-to-person
transmission is rare, but has been reported to result through
sexual contact and aerosol transmission [7].
Previous research has documented the seroprevalence of Q
fever to be 4 to 20% for cattle, 9 to 57% for sheep, and 2.5 to
13% for goats [8]. However, in the case of humans, the seropositive rate of Q fever has been shown to be significantly different
between healthy males and high-risk groups. Macellaro et al.
[9] reported that Q fever seroprevalence in healthy persons was
5 to 17%, but in the case of sheep farmers, it was as high as 24
to 30%, and Monno et al. [10] reported a rate of 13.6% for a
control group, whereas 84% of animal breeding workers
showed a Q fever seropositive reaction. In addition, Whitney et
al. [11] reported a seroprevalence of 22.2% among veterinarians, and according to Wilson et al. [12], slaughterhouse workers
showed a very high rate of seropositivity, at 41.9%.
Little is known about the prevalence and risk factors of Q fever in South Korea (hereafter Korea). We identified confirmed
diagnoses of Q fever in Korea by checking the National Notifiable Infectious Disease database for cases recorded starting in
2006. Diagnoses of Q fever were reported by Korean hospitals
for 72 patients from 2006 through 2011 [13]. In this study, we
concentrated on high-risk groups for Q fever, such as slaughterhouse workers, livestock infection prevention officials, livestock farmers, and researchers, who have many opportunities
for contact and exposure with animals.
The aim of this study was to determine the seroreactivity
and risk factors of Q fever among slaughterhouse workers as a
high-risk group for Q fever in Korea, in order to develop customized prevention strategies.

METHODS
Study Population
A total of 1503 persons who were employed in relation to
slaughterhouse work and who were working at a total of 73
slaughterhouses and 62 residual-products disposal plants in
November 2007 were included in this study. Among these
subjects, 1481 persons (98.5%) provided a blood sample for Q
fever antibody tests.

Research Methods
Site visits and survey
The structure of the slaughterhouse, the slaughter process,
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and work characteristics of each slaughterhouse worker were
identified through a review of the literature and prior visits to
slaughterhouses. Based on this information, a questionnaire
was developed to target slaughter workers, residual-product
handlers, inspectors and inspection assistants, and grading
testers and testing assistants. The questionnaire included
questions on the general characteristics of each worker and
work-related risk factors, as well as the use of personal protective equipment.
Serological tests
A 10-mL blood sample of venous blood was taken from each
person, and the serum was separated using a portable centrifuge on the spot. The separated serum was shipped in a sealed
icebox to a central processing facility and the levels of antibodies against Q fever were measured. We used an indirect immunofluorescence assay (IFA), the standard method of serological
diagnosis for Q fever, in order to detect phase II C. burnetii antibody immunoglobin G (IgG) and anti-C. burnetii antibody immunoglobin M (IgM) [14]. Positive phase II IgG or IgM antibody
values at a dilution of 1:16 or more were classified as seroreactive results. All study participants provided informed consent,
and the study design was approved by the appropriate ethics
review board (Gyeongyak Article no. 07-80).

Statistical Analysis
Statistical analysis was performed using SPSS version 17.0
(SPSS Inc., Chicago, IL, USA). The difference by sex in Q fever
seroreactivity was analyzed using the Fisher exact test, and
the differences by age group and work experience were analyzed using the chi-square test for trend. The significance level
was considered to be p<0.05.

RESULTS
General Characteristics of Slaughterhouse Workers
From October 2007 through April 2008, we enrolled 1530
persons who worked in slaughterhouse and residual-product
processing centers in all parts of Korea. Among them, 49 individuals were excluded because they responded to the survey
but did not provide a blood sample; 1481 workers were included in the final analysis.
The 1481 participants were classified by type of work and divided into groups of 848 slaughter workers (57.3%), 351 residual-product handlers (23.7%), 190 inspectors and inspection
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assistants (12.8%), and 92 grading testers and testing assistants. A total of 1203 participants (81.2%) were male and 278
participants (18.8%) were female. By age, participants were divided into groups of 113 participants (20.0%) <30 years of
age, 296 participants (20.0%) 30-39 years of age, 474 participants (32.0%) 40-49 years of age, 450 participants (30.4%) 5059 years of age, and 148 participants (10.0%) ≥60 years of
age. The period for which they had been working in their present occupations ranged from a minimum of 1 year to a maximum of 46 years, and the average period was 8.7±8.3 years.

slaughter workers and residual-product handlers, who were
more directly exposed to cattle blood and residual-products,
were combined into 1 occupation group, labeled job category
I, and the inspectors and inspection assistants as well as grading testers and testing assistants, who were less exposed to
blood and residual-products, were combined into another occupation group, job category II. The seroreactivity rate showed
a significant difference between job categories, with 136 of
1199 workers (11.3%) for job category I and 15 of 282 workers
(5.3%) for job category II (Table 1).

Serological results by job category
Overall, 151 participants (10.2%) were found to be seroreactive for C. burnetii. The phase II IgG antibody titer cutoffs
ranged from 1:16 to 1:2048. The distribution of the 151 seroreactive participants by titer cutoff was, in order of concentration, 41 (27.2%) at 1:16, 53 (35.1%) at 1:32, 25 (16.6%) at 1:64,
23 (15.2%) at 1:128, 4 (2.6%) at 1:256, and 5 (3.3%) at over
1:256. By occupational group, 96 of 848 slaughter workers
(11.3%), 40 of 351 residual-product handlers (11.4%), 10 of
190 inspectors and assistants (5.3%), and 5 of 92 grading testers and assistants (5.4%) were seroreactive for Q fever. The

Serological Results by Sex and Age
Comparing serological results by sex, 131 of 1203 male participants (10.9%) and 20 of 278 female participants (7.2%)
showed seroreactivity to Q fever. The difference in these results was not statistically significant. Comparing serological results by age, Q fever seroreactivity was found for 9 of 113 participants (8.0%) <30 years of age, 26 of 296 participants (8.8%)
30-39 years of age, 42 of 474 participants (8.9%) 40-49 years of
age, 54 of 450 participants (12.0%) 50-59 years of age, and 20
of 148 participants (13.5%) ≥60 years of age. Seroprevalence
showed a tendency to increase significantly with age (Table 2).

Table 1. Seroreactivity by job category1 and distribution of antibody values
Seroreactive/
Seroreactive
tested indirate (%)**
viduals (n)

Category

Phase II titer of seroreactive cases (IgG or Ig M)
1:16

1:32

1:64

1:128

1:256

1:256<

Slaughter workers

96/848

11.3

29

33

18

13

1

2

Residual-product handlers

40/351

11.4

9

13

6

7

2

3

Inspectors and assistants

10/190

5.3

2

4

1

2

1

0

Grading testers and assistants
Total

5/92

5.4

1

3

0

1

0

0

151/1481

10.2

41

53

25

23

4

5

IgG, immunoglobin G; IgM, immunoglobin M.
1
Job category I: slaughter workers, residual-product handlers; job category II: inspectors and inspection assistants, grading testers and testing assistants.
**p<0.01 by the chi-square test between job categories I and II.

Table 2. Q fever seroreactivity according to age and sex among slaughterhouse workers
Age (y)

Male

Female

Total

No. of
Seroreactive Seroreactive
examinees results (n)
rate (%)

No. of
Seroreactive Seroreactive
examinees results (n)
rate (%)

No. of
Seroreactive Seroreactive
examinees results (n)
rate (%)*

<30
30-39

85

7

8.2

28

2

7.1

113

9

8.0

261

23

8.8

35

3

8.6

296

26

8.8

40-49

403

38

9.4

71

4

5.6

474

42

8.9

50-59

335

46

13.7

115

8

7.0

450

54

12.0

≥60
Total

119

17

14.3

29

3

10.3

148

20

13.5

1203

131

10.9†

278

20

7.2†

1481

151

10.2

*p<0.05 by the chi-square for trend among age groups.
†
p<0.1 by the chi-square test between male and female participants.
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Serological results by duration of work
Comparing the seroreactivity rate by duration of work, 711
out of 1160 workers (excluding non-respondents) had <10
years of experience, with 64 of 711 (9.0%) showing seroreactivity. There were 299 workers with 10-19 years of work experience, with 31 of 299 (10.4%) showing seroreactivity, while 150
workers had ≥20 years of work experience, with 18 of 150
(12.0%) showing seroreactivity. Therefore, the seroprevalence
increased with greater duration of work experience, but these
differences were not significant (Table 3).
Risk factor analysis between job categories I and II among
slaughterhouse workers
An analysis of risk factors according to the type of work in
the two groups showed significant differences in the seroreactivity rate, with 13.4% of those in job category I (including
slaughter workers and residual-product handlers) responding
to the question “Are you splashed with cattle blood around
the mouth more than once a week?” in the affirmative. This
was significantly higher than the affirmative response rate of
those in job category II (including inspectors, grading testers,
and assistants), at 4.6% (p<0.001), other factors did not show
Table 3. Q fever seroreactivity according to duration of work
experience among slaughterhouse workers
No. of
Seroreactive Seroreactivity
examinees
results (n)
(%)
Duration of work (y)1,2
≥20
10-19

150

18

12.0

299

31

10.4

<10

711

64

9.0

Subjects for whom this variable was unknown were excluded.
2
p=0.23 by the chi-square test for trend among categories of duration of work.
1

significant differences. Of the two groups, 24.4 and 26.2% in
job category I and job category II, respectively, answered in
the affirmative to the question “Are you splashed with cattle
blood around the body?” and 21.4 and 17.4%, respectively, answered in the affirmative to the question “Are you splashed
with cattle secretions around the body?” (Table 4).

DISCUSSION
Various reports have been published on Q fever, which is a
communicable disease between animals and humans, but Q
fever has rarely been studied in Korea. Reports on Q fever seroprevalence in the medicine and veterinary medicine fields in
Korea have been published by Kim et al. [15] and Kwak et al.
[16]. However, no research in Korea has focused on Q fever
among slaughterhouse workers in all parts of the country. The
serological diagnostic criteria for Q fever vary according to the
regional situation and depend on the research methodology
[3,17]. Thus, it is difficult to compare research findings. In this
study, we suggest the identification of a Q fever seroreactive
result for positive phase II IgG or IgM antibody results at a dilution of 1:16 or more. Using this criterion, the seroprevalence in
the entire sample population of slaughterhouse workers was
10.2%. In particular, the seroreactivity rate for slaughter workers and residual product handlers (job category I) was 11.3%
(136 of 1199), and the seroreactivity rate for inspectors and
grading testers (job category II) was 5.3% (15 of 282). Thus, a
difference could be identified between jobs in which there was
direct contact with livestock and jobs in which there was not.
This was considered to be a result of differences in the opportunities for contact with the blood or byproducts of livestock.
Foreign studies have likewise found higher rates of Q fever se-

Table 4. Comparison of work-related risk factors between job categoriesy I and II about work-related risk factor
Job category I1

Job category II2

No. of
examinees

No. of ‘yes’
replies

%

No. of
examinees

No. of ‘yes’
replies

%

Being splashed with cattle blood around the mouth
(more than once a week)***

1199

161

13.4

282

13

4.6

Being splashed with cattle blood around the body
(more than once a week)3

1199

293

24.4

282

74

26.2

Being splashed with cattle secretions around the body
(more than once a week)4

1199

257

21.4

282

49

17.4

Job category I: slaughter workers, residual product handlers; job category.
Job category II: inspectors and inspection assistants, grading testers and testing assistants.
3
p=0.53 by the chi-square test between job categoriesy I and II.
4
p=0.13 by the chi-square test between job categoriesy I and II.
***p<0.001 by the chi-square test between job categoriesy I and II.
1
2
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ropositivity among slaughterhouse workers who come into direct contact with livestock than among those who do not.
The Centers for Disease Control of the US suggest that the
interpretation of serological results for possible Q fever infection must include differential reactivity to C. burnetii antigens.
The most commonly means of confirming the diagnosis of
acute Q fever is by the demonstration of a 4-fold rise in phase
II IgG by IFA between serum samples from the acute and convalescent phases, taken 3-6 weeks apart. Various values are
used by individual laboratories to categorize patients as seropositive or seronegative [18]. In this study, the distinction between acute and convalescent symptoms was difficult to determine, because individuals with symptoms of Q fever likely
did not seek medical care at hospitals, and the identification of
symptoms was not exact because the investigation was performed over a period of three months. Insufficient evidence
was available to make Q fever diagnoses by serum assessments in Korea at the time of this survey. Thus, this study focused on Q fever seroreactive status in order to relate seroanalytical results to the characteristics of slaughterhouse workers.
In spite of these limitations, this study is the first survey to
identify potential rates of Q fever infection among slaughterhouse workers from all parts of Korea, including island regions.
Further epidemiological investigation of Q fever among highrisk groups is necessary so that customized prevention strategies can be developed. In addition, we hope that these results
regarding Q fever seroreactive status can be used as a basis to
develop standard diagnostic criteria for Q fever in Korea.
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